
In the field of automated driving functions for trucks and mobile 

machines, environment sensing is one of the greatest challenges.  

Only raw signal interfaces are suitable for testing the environment 

detection in the simulation, since they provide the required realistic 

input data for the sensors. IPG Automotive describes how the 3-D 

environment and the sensor model interact in the simulation platform 

TruckMaker in order to be able to test automated driving functions in 

the overall system early in the development process.

g Automated driving functions are 
increasingly gaining importance in 
trucks and mobile machines because 
due to the tasks of which the human 
drivers are relieved, the efficiency of 
logistics processes can be enhanced in 
many areas with direct economic ben­
efits to businesses. To achieve these ob­
jectives, the functions are dependent 
upon smooth interaction of software 
and hardware, which entails great  

testing and validation requirements. 
Therefore, from an economic point  
of view, the choice of the right testing 
method is decisive, because the objec­
tive is to manage extensive test catalogs 
within a short space of time.

With virtual test driving, a large num­
ber of tests can be run automatically 
around the clock in realistic scenarios. 
This results in clearly higher test cover­
age and hence better quality of auto­
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mated driving functions as well as sig­
nificant time and cost savings compared 
to real-world road tests. Effects of soft­
ware or hardware modifications can be 
identified quickly and fed into the devel­
opment process at an early stage.

Correct environment detection  
(perception) is the prerequisite for  
the faultless functioning of automated 
driving functions and at the same time  
represents one of the greatest chal­
lenges. Unforeseen behaviors of road 
users or difficult environmental condi­
tions must not lead to any malfunctions 
because, from SAE Level 4 on, the 
human driver no longer functions as  
a fallback level and therefore no longer 
bears any responsibility. In the follow­
ing, an example of how the 3-D envi­
ronment and the sensor model interact 
in the simulation is presented for a cam­
era sensor in order to be able to test and 
validate the environment detection of 
automated driving functions in the 
whole system at an early stage in the 
development process.

FIELDS OF APPLICATION

Automated trucks and mobile machines 
have so far been used primarily in dedi­
cated areas, for instance in container 
loading operations in port facilities, or  
in logistics hubs, in mining operations, 
and in agricultural settings. These fields 
of application offer the advantage that 
the area in which the system must func­
tion smoothly (Operational Design 
Domain, ODD) is limited. The environ­
ment can be controlled very effectively 
and the speeds are comparatively low. 

On public roads, especially in long-haul 
freight traffic, automated driving func­
tions have great potential as well. Theo­
retically, they would enable 24/7 hauling 
of goods without requiring driver breaks, 
or rest periods. This offers the opportu­
nity of achieving major economic savings 
and could revolutionize the entire logis­
tics sector. However, unlike dedicated 
areas, public roads pose a major chal­
lenge, because they entail the need to 
interact with other road users and vehicle 
speeds are significantly higher there. 
Since every use case poses unique chal­
lenges, such as limited vision while trav­
eling through fog at port facilities, or dust 
and dirt in mining operations, faultless 
environment detection must be guaran­
teed at all times.

SIMULATION OF AUTONOMOUS 
COMMERCIAL VEHICLES

To ensure faultless performance, com­
plex software stacks are implemented in 
the control systems of automated vehi­
cles, which are composed of diverse 
modules. In the first module, the envi­
ronment is detected and localized via 

sensors. This is followed by decision 
making and trajectory planning based 
on the driving task and the previously 
generated environment model. Finally, 
during motion control, the generated  
target trajectory is implemented with the 
greatest possible precision. The simula­
tion closes the control loop using appro­
priate models. The real-world vehicle is 
modeled by the virtual prototype and the 
environment by a digital twin of the real-
world road including its surroundings. 
The input interfaces deliver the input for 
the environment detection while the out­
put interfaces provide the output for the 
actuators. 

The TruckMaker simulation environ­
ment designed for the development of 
commercial vehicles offers a detailed, 
specifically adapted vehicle model for 
the simulation of the driving dynamics 
of commercial vehicles, an intelligent 
driver model, and diverse options for 
generating roads, road networks, and 
traffic scenarios. Compared with passen­
ger cars, truck prototypes entail an array 
of special aspects to be observed. On 
trucks, sensors are installed on the driv­
er’s cabin as well as on the trailer or 
semi-trailer. The relative movements 
between the sensors may pose chal­
lenges requiring a totally different 
approach than passenger vehicle de­
velopment. The vehicle’s motion per se 
differs significantly from a typical pas­
senger car and lighter commercial vehi­
cles as well, which is why planning and 
motion control must be adapted specifi­
cally to trucks. Last but not least, it is 
necessary to perform appropriate tests.

The user has access to diverse inter­
faces and possibilities of intervention to 
integrate the systems under development 
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into the simulation and to test them 
under real-world conditions. The devel­
opment of environment detection and 
localization functions requires appropri­
ate sensor models representing the real-
world sensors such as camera, radar, 
lidar, and ultrasound, FIGURE 1.

SENSOR MODELS

These sensor models are used in three 
model classes: as ideal sensor models, 
phenomenological sensor models and as 
Raw Signal Interfaces (RSI). The latter 
perceive the environment in a manner 
that is typical for the respective technol­
ogy, depending on the sensor. For the 
environment detection testing, raw sig­
nals are exclusively suitable, because 
they provide the required realistic input 
data for the environment detection al­
gorithms of the respective sensor, in 
other words, camera images, lidar point 
clouds, and radar detections. Accord­
ingly, TruckMaker features high-preci­
sion sensor models for all relevant sensor 
technologies. In addition to the quality of 
the sensor models, the 3-D environment 
model’s level of detailing is decisive for 
simulation quality. Only if this model 
represents reality including all material 
characteristics at a high level of detail 
can it be used for testing corner cases for 
the camera’s object detection. The new 
MovieNX visualization features a very 
high level of detail and therefore pro­
vides the foundation for testing camera- 
based systems.

SIMULATION-AIDED DEVELOPMENT 
OF CAMERA SYSTEMS

Neural networks are often used for algo­
rithms of environment detection systems 
for the camera. These networks can be 
trained and tested with real and syn­
thetic data sets. Accordingly, for increas­

ingly complex and powerful algorithms, 
larger data volumes requiring additional 
annotation with meta information are 
needed. Even AI-aided labeling of the 
data with 2-D/3-D bounding boxes or 
pixel-precise semantic segmentation is 
highly time-consuming. Moreover, it  
is error-prone especially in the case of 
complex tasks, which may negatively 
affect the quality of the AI algorithms 
that have been trained with it.

Synthetic data offer diverse advantages 
in this respect over real-world data. They 
can be generated in large volumes in an 
automated process and with compara­
tively minor effort. The ground truth 
conditions enable automatic generation 
of the required meta information. Due  
to automation, annotation errors can be 
fully avoided, FIGURE 2.

Simulation offers many other possi­
bilities, such as being able to create criti­
cal and/or rare traffic scenarios safely 
and quickly and test them in a repro­
ducible manner. Moreover, the systems 
intended for subsequent operation can  
be set up virtually even before real-
world prototypes are available and the 
systems are trained in this context. 
Diverse positions of the sensors on the 
vehicle can be tested with comparatively 
minor effort as well, which is particularly 
helpful in the development process. All 
training and test data are then always 
available for the relevant new sensor posi­
tion, which enhances the quality of object 
recognition. 

Although synthetic image data will 
not be able to fully replace real-world 
sensor data in testing camera-based AI, 
evidence has shown that the systems can 
be trained by means of simulation data 
before their initial use in reality. In ad­
dition, an improvement in overall per­
formance is achieved when real-world 
training data sets are enhanced with 
synthetic data [1]. This increase in safety 

would hardly be achievable exclusively 
with real-world data, particularly since 
critical situations (corner cases) occur 
only rarely and are therefore frequently 
missing in training data sets.

END-TO-END TESTING

When the complete Automated Driving 
(AD) system is to be tested, high-preci­
sion sensor models are required for input 
as well. The detailed vehicle dynamics 
model in TruckMaker closes the control 
loop in this context. Due to the real-time 
capability of the entire simulation plat­
form including the GPU-based sensor 
models, the simulation platform is suit­
able not only in the areas of Model-in-the-
Loop (MiL) and Software-in-the-Loop 
(SiL), but also for Hardware-in-the-Loop 
(HiL). In the MiL and SiL area, the syn­
thetic image data are forwarded directly 
to the enviroment detection module, 
which, using the real-world algorithms, 
generates a realistic list of detections 
from such data. This list is subsequently 
put to further use in sensor fusion and 
planning modules. Since the generated 
object list is not error-free, the robustness 
of the sensor fusion, prediction, and 
planning function, plus the effect on the 
total system, can be investigated in this 
way. Due to the motion control function, 
the acceleration requirements and target 
trajectories are migrated into gas/brake 
pedal positions and steering torque, 
which are translated into realistic move­
ments by the high-precision vehicle 
dynamics model of the virtual prototype. 
Hence a large number of end-to-end tests 
can be performed in simulation, and 
large test effort entailed at a real-world 
vehicle prototype avoided. 

The utilization of real-world hardware 
in the test setup is possible as well: For 
the HiL test, a monitor can be filmed 
with a real-world camera so that the 

FIGURE 1 Camera (1), lidar (2) and ultrasound simulation (3) for trucks (© IPG Automotive)
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camera’s optics become part of the test 
system. If object detection already takes 
place in the camera Electronic Control 
Unit (camera ECU), either an object list 
or the unprocessed camera image is 
passed on to the central AD control unit. 
This control unit in turn is connected 
with the real-time simulation computer 
performing the actual vehicle and sensor 
simulation and, for instance per CAN, 
generates and forwards other necessary 
signals. Another possibility is the use of 
a direct injection of the image data into 
the camera ECU or the central control 
unit by the Video Interface Box from IPG 
Automotive. As a result, limitations of 
the monitor HiL setup are prevented, 
which, for instance, enables higher con­
trast areas and the use of fisheye lenses. 

This presupposes that the camera ECU 
includes a corresponding HiL mode. 

The test setup most closely resem­
bling a real-world test is the Vehicle-in-
the-Loop (ViL) method: Here, the full 
real-world prototype is tested in a vir­
tual scenario in which all sensor data 
from the simulation are generated on  
an on-board real-time computer. This 
enables investigations of critical virtual 
scenarios with the real-world prototype 
to be performed before real-world test­
ing operations begin.

SUMMARY AND OUTLOOK

TruckMaker is an open integration and 
test platform for commercial vehicles 
that can support the entire development 

process. In recent years, major progress 
has been achieved particularly in the 
area of sensor simulation in terms of the 
level of detail and performance, which 
significantly simplifies the development 
of automated driving functions for com­
mercial vehicles. Thus, together with a 
detailed vehicle dynamics model and 
high level of automatability, a basis is 
created for simulation-aided development 
processes.
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FIGURE 2 Original camera image (1), annotation of 2-D box (2), annotation of 3-D box (3), semantic segmentation (4) (© IPG Automotive)
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